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0 Adsorption/reaction equipment 

0 A filtration device 5 is provided In the state 
being submerged in slurry comprising adsorbent 
component stored in a reaction tank 1, The filtration 
device 5 incorporates a plurality of filtering-mem- 
brane elements 8 each comprising a filtering mem- 
brane 10 having less than 0.1 nm of through-hole 
diameter. These filtering-membrane elements 8 are 
vertically disposed in parallel with each other , at 
predetermined intervals between surfaces of adjoin- 
ing filtering membranes 10. A suction pump 14 is 
provided by way of linkage with the filtering-mem- 
brane elements 8 via a suction tube 13 for sucking 
processed liquid. A gas-dispersing device 16 is dis- 
posed below the filtering-membrane elements 8. A 
blower 18 is provided in linkage with the gas-dis- 
persing device 16 via a blowing duct 17. An adsor- 
bent regeneration apparatus 21 and an adsorbent 
feeding pump 22 are respectively interposed on the 
halfway of an adsorbent circulation duct 20. 

As a result of the provision of the filtering mem- 
branes 10 for the filtering-membrane elements 8. 
extremely fine adsorbent particles can perfectly be 
separated without using precoating agent at all. And 
yet, as a result of the introduction of extremely fine 
adsorbent particles, the whole structure of the ad- 



sorption and reaction equipment can be built com- 
pactly. In particular, the invented equipment can 
continuously regenerate the spent adsorbent compo- 
nent. 
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FIELD OF THE INVENTION 

The present invention relates to an adsorp- 
tion/reaction equipment which provides filtration de- 
vice to effect discoloration, deodorization, and pu- 
rification by means of adsorbent, catalyzer, and 
ion-exchage resin. 

BACKGROUND OF THE INVENTION 

In order to eliminate impurities from raw liquid 
while executing discoloration, deodorization, and 
purification processes, conventionally, adsorption 
and reaction processes with activated charcoal, oxi- 
dation process with catalyzer, and ion-exchange 
reaction with ion-exhange resin, are respectively 
executed. Typically, a contact filtration equipment 
Is used to eliminate impurities from raw liquid by 
applying adsorbent, catalyzer, and ion-exchange 
resin. This conventional filtration equipment ad- 
sorbs impurities by initially mixing pulverized ad- 
sorbent component with raw liquid followed by a 
stirring process to generate suspension. When ab- 
sorption reaches equilibrium, treated liquid is sepa- 
rated from adsorbent component via a filtration 
process. Whenever applying adsorbent comprising 
fine particles, a precoat filtration device is used to, 
separate the treated liquid from adsorbent compo- 
nent. In this case, initially, auxiliary precoating 
agent such as diatomaceous earth is precoated on 
the filtration device to separate the treated liquid 
from adsorbent component. 

When operating the above-cited conventional 
filtration device, the finer the particle size of the 
adsorbent, the faster the adsorption and greater the 
absorptive capacity. Nevertheless, because of dif- 
ficulty to fully separate treated liquid from adsor- 
bent component, there is a certain limit in regard to 
the minimizable range of particle size of usable 
adsorbent. Furthermore, while using the precoat 
filtration device to separate treated liquid from ul- 
tra-fine adsorbent, auxiliary precoating component 
adhered to adsorbent component inhibits the main 
adsorbent component from being regenerated, and 
therefore, once-used adsorbent Is compulsorily dis- 
carded as useless waste blended with auxiliary 
precoating agent. 

DISCLOSURE OF THE INVENTION 

Therefore, the object of the invention is to fully 
solve the above problems by providing a novel 
adsorption/reaction equipment capable of using ex- 
tremely fine particles of adsorbent and regenerat- 
ing the spent adsorbent component cyclically. 

To achieve the above object, the novel adsorp- 
tion and reaction equipment according to the inven- 
tion comprises the following; a reaction tank which 



provides raw liquid supply tube and pools adsor- 
bent component in slurry condition therein; a mem- 
brane filtration device which is disposed in the 
reaction tank by way of being submerged in adsor- 
5 bent pooled therein In slurry condition; a plurality of 
filtering-membrane elements each having a filtering 
membrane respectively being disposed inside of 
the casing of the membrane separation device in 
the vertical direction by way of being in parallel 
10 with and properly spaced between surfaces of fil- 
tering membranes of adjoining filtering membrane 
elements; a suction pump linked with the filtering 
membrane elements via a suction tube for sucking 
processed liquid; a gas supply unit disposed below 
15 the filtering membrane elements Inside of the cas- 
ing of the membrane filtration device; and a blower 
linked with the gas supply unit via a gas duct. 

According to the structure described above, 
gas used for stirring pooled raw liquid and adsor- 
20 bent In slurry condition is supplied to the gas 
supply unit from the blower via the gas duct in 
order to disperse gas in the upward direction via 
the gas supply unit. As a result, upward flows are 
generated along the membrane surface by aerial 
25 lifting action of dispersed gas used for agitation. 
After arriving at the top domain of the reaction tank 
via adjoining filtering membrane elements, the ad- 
sorbent slurry starts to flow In the downward direc- 
tion between inner wall surfaces of the reaction 
30 tank and the membrane filtration device, thus gen- 
erating circulation flow inside of the reaction tank. 
Because of this circulation flow, slurry comprising 
raw liquid and adsorbent component remains in the 
state of suspension to accelerate adsorbent com- 
35 ponent to come into contact with impurities in raw 
liquid to fully remove them via membrane filtration. 

On the other hand, the suction pump sucks up 
treated liquid from the reaction tank via the filtering 
membrane elements. While these processes are 
40 under way, since through-hole diameter of the fil- 
tering membrane of each filtering membrane ele- 
ment conresponds to diameter of individual fine 
particle of adsorbent, all the fine adsorbent par- 
ticles are perfectly separated without applying 
46 precoating agent at all. Furthermore, fine adsorbent 
particles deposited on the membrane surfaces of 
the filtering membrane elements are sweeping 
away from the membrane surfaces by effect of 
tangential bubble flows passing through interspace 
50 between adjoining filtering membrane elements. 

Therefore, since the adsorbent component can 
be perfectly separated from treated liquid by the 
filtering membranes without applying precoating 
agent, the filtration system according to the inven- 
66 tion can regenerate the spent fine adsorbent par- 
ticles. Since ultra-fine adsorbent can be used in 
adsorption/reaction equipment, the adsorption rate 
and capacity can respectively be accelerated. This 
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in turn permits nr^aterialization of a down-sized ad- 
sorption/reaction equipment. 

To embody a better structure, the adsorp- 
tion/reaction equipment according to the invention 
further provides a tubular duct for circulating the 5 
adsorbent component slurry via the reaction tank 
as a means for embodying a circulating system. An 
adsorbent regenerating unit and an adsorbent sup- 
ply pump are interposed on the halfway of the 
adsorbent circulating tubular duct. io 

According to the improved structure described 
above, slurry containing the spent adsorbent com- . . 
ponent is discharged from the reaction tank via the 
adsorbent circulating tubular duct, and then, after 
regenerating the adsorbent component by operat- 75 
ing the adsorbent regenerating apparatus, the re- 
generated adsorbent component is sent back to the 
reaction tank via the adsorbent supply pump. 

As a result, the adsorption and reaction equip- 
ment according to the invention can cyclically, re- 20 
generate and recycle the spent adsorbent compo- 
nent in the system. And yet, since the adsorption 
and reaction system of the invention uses adsor- 
bent comprising extremely fine particles, the reten- 
tion time thus permitting the invented system to 25 
continuously discharge and regenerate the spent 
adsorbent component. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

Fig. 1 is an overall block diagram of the adsorp- 
tion/reaction equipment according to an embodi- 
ment of the invention; and 
Fig. 2 is a cross-sectional view of main compo- 
nents of the membrane filtration device accord- 35 
ing to the above embodiment of the invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

40 

Referring now to the accompanying drawings, 
full aspects of the adsorption and reaction equip- 
ment according to an embodiment of the invention 
are described below. 

A fully-sealed reaction tank 1 shown In Figures 4S 
1 and 2 internally pools slurry containing adsorbent 
comprising extremely fine particles. Fine particles 
of ion-exchange resin, or pulverized activated char- 
coal, or fine particles of zeolite, or fine particles of 
catalyzer, can be used for the adsorbent compo- so 
nent. Particle size of the adsorbent component can 
be reduced as fine as possible by reducing diam- 
eter of through-holes of filtering membranes to be 
described later on. Practically, particle size of ad- 
sorbent component can be reduced to 0.05 um. ss 

A raw liquid supply tube 3 having an end 
linked with a raw liquid reservoir 2 is connected to 
a side-wall of the reaction tank 1. A raw liquid 



pump 4 is interposed on the halfway of the supply 
tube 3. A membrane filtration device 5 is disposed 
in the reaction tank 1, where the membrane filtra- 
tion device 5 is submerged in slurry 6 containing 
adsorbent component. A plurality of filtering-mem- 
brane elements 8 are disposed in parallel with each 
other in the vertical direction inside of a casing 7 of 
the membrane filtration device 5 at properly deter- 
mined intervals ranging from 6mm to 10mm be- 
tween surfaces of adjoining filtering membranes 10. 
Each of the filtering-membrane elements 8 has a 
membrane-supporting plate 9, where the filtering 
membranes 10 each comprising either an ultra- 
filtering membrane or a micro-filtering membrane 
are set to both-side lateral surfaces of the mem- 
brane-supporting member 9. Each filtering mem- 
brane 10 has a plurality of extremely fine through- 
holes each having less than 0.1 um of diameter. A 
passage 1 1 for filtrate is provided for each mem- 
brane-supporting member 9 of each filtering mem- 
brane element 8, where the passages 1 1 are con- 
junctionaily linked with a tube 1 3 for sucking filtrate 
via a routed tube 12. A filtrate suction pump 14 is 
interposed on the halfway of the filtrate sucking 
tube 13. A gas-dispersing device 16 is disposed in 
a lower-casing 15 of the membrane filtration device 
5 at a predetermined position below the assembly 
of the filtering-membrane elements 8. The gas- 
dispersing device 16 Is linked with a blower 18 via 
a duct 17, where the gas-intake side of the blower 
18 is connected to the tip of the reaction tank 1 via 
an air intake tube 19. An open end of an adsorbent 
circulating tube 20 is linked with the bottom of the . 
reaction tank 1. An adsorbent regeneration appara-" 
tus 21 and an adsorbent suction pump 22 are 
respectively interposed on the halfway of the ad- 
sorbent circulating tube 20. An adsorbent circula- 
tion system is formed by combining the reaction 
tank 1, the adsorbent circulating tube 20, the ad- 
sorbent regenerating apparatus 21. and the adsor- 
bent suction pump 22. with each other. 

According to the above embodiment of the 
invention, the raw liquid pump 4 continuously feeds 
raw liquid from the raw liquid reservoir 2 to the 
reaction tank 1 via the raw liquid supply tube 3, 
and then, slurry 6 is formed by fine adsorbent 
particles pooled In the reaction tank 1 and raw 
liquid. The blower 18 sucks exhausted gas via the 
gas-intake tube 19. Alternatively, fresh air may be 
fed as the object of reaction. The exhausted gas is 
then sent back to the gas-dispersing device 16 via 
the blowing duct 17 for generating agitation. The 
gas-dispersing device 16 blows off the sent back 
gas upward to cause agitation to occur. 

Flow of gas dispersed upward for generating 
agitation causes aerial lifting action to take place, 
which then generates tangential flow of the slurry 6 
containing adsorbent along surfaces of respective 
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filtering membranes 10 of the filtering membrane 
elements 8. Upon arrival at the tip of the reaction 
tank 1 via Interspace between the adjoining filtering 
membrane elements 8, the slurry then turns down- 
ward through Inter-space between the inner wall 5 
surface of the reaction tank 1 and the membrane 
filtration device 5 before eventually generating cir- 
culating flow in the reaction tank 1. White maintain- 
ing the slurry 6 comprising adsorbent component 
and raw liquid in the state of suspension in the io 
reaction tank 1 , availing of the circulating flow, the 
treated liquid in contact with the adsorbent is con- 
junctlonally separated from the adsorbent. 

On the other hand, the suction pump 14 sucks 
the treated liquid 6 via the filtering membrane 75 
elements 8 to cause each of the filtering mem- 
branes 10 to separate the treated liquid from the 
adsorbent. On the way of adsorbing and filtering 
the processed liquid, since each filtering mem- 
brane 10 of the filtering membrane elements 8 has 20 
less than 0.1 um of through-hole diameter, even 
though the adsorbent comprises extremely fine 
particles, fine adsorbent particles can perfectly be 
separated without using precoating agent at all. 
Furthermore, the adsorbent component deposited 25 
to surfaces of the filtering membrane elements 8 is 
sweeping away therefrom by effect of tangential 
aerial flow passing through interspace between re- 
spective membrane surfaces. 

Therefore, the adsorption and reaction equip- 30 
ment embodied by the invention securely sepa- 
rates the treated liquid from adsorbent component 
via filtering membranes 10 without applying 
precoating agent at all. As a result, the inventive 
system can securely regenerate the spent fine ad- 35 
sorbent particles during an adsorption/reaction pro- 
cess. Furthermore, since the inventive system can 
use adsorbent as of the fine-particle state, adsorp- 
tion rate and adsorption capacity can be acceler- 
ated to enable materialization of down-sizing of the 4o 
whole structure of the adsorption and reaction 
equipment. 

According to the invention, the spent adsorbent 
component is discharged from the bottom of the 
reaction tank 1 via the adsorbent circulating tube 45 
20. and then, after regenerating the spent adsor- 
bent component via the adsorbent regenerating 
apparatus 21. the regenerated adsorbent compo- 
nent is sent back to the reaction tank 1 via the 
adsorbent suction pump 22. so 

In contrast with any of the conventional filtra- 
tion devices, discharging spent adsorbent compo- 
nent based on a batch operation before sending it 
to an independent process to regenerate or totally 
discarding It as useless waste, the adsorption and ss 
reaction system according to the invention regener- 
ate and recycle the spent adsorbent. In particular, 
since the equipment according to the invention can 



execute adsorption process very fast as a result of 
the introduction of extremely fine adsorbent par- 
ticles, the Improved filtration system according to 
the invention can reduce the retention time of ad- 
sorbent component In the reaction tank 1, and 
therefore, the invented system can regenerate the 
spent adsorbent component on the continuous ba- 
sis. 

Clainns 

1. An adsorption/reaction equipment comprising; 

a reaction tank 1 which receives inflow of 
raw liquid subject to a purification process via 
a supply tube 3 and pools adsorbent compo- 
nent therein in slurry condition; 

a filtration device 5 which is disposed in- 
side of said reaction tank 1 by way of being 
submerged in said slurry of adsorbent pooled 
therein; 

a plurality of filtering membrane elements 
8 each Incorporating a filtering membrane 10 
wherein said elements 8 are disposed in par- 
allel with each other in the vertical direction 
Inside of a casing 7 of said filtration device 5 at 
predetermined intervals between surfaces of 
adjoining filtering membranes 10; 

a suction pump 14 which is connected to 
said filtering membrane elements 8 via a suc- 
tion tube 13 for sucking processed liquid; 

a gas-dispersing device 16 disposed be- 
low said filtering membrane elements 8 inside 
of said casing 7; and 

a blower 18 connected to said gas-dis- 
persing device 16 via a blowing duct 17. 

2. The adsorption/reaction equipment as defined 
in Claim 1 further comprising an adsorbent- 
regenerating equipment 21 and an adsorbent- 
supply pump 22 respectively being disposed 
on the halfway of an adsorbent circulating duct 
20 that forms a circulatory system via said 
reaction tank 1. 
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